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Box No. IV Text of the abstract (Continuation of item 5 of the first sheet) 



The present invention relates to an internal combustion engine comprising: a 
combustion chamber (10) ; first (A) and second (B) inlet valves controlling flow 
of air into the combustion chamber; first (C) and second (D) exhaust valves; 
and first (16) and second (18) turbochargers . The first turbocharger (16) is 
connected to the first inlet valve (A) and the second turbocharger (18) is 
connected to the second inlet valve (B) . The first turbocharger (16) is 
connected to the first exhaust valve (C) and receives only combusted gases 
expelled via the first exhaust valve (C) . The second turbocharger (18) is 
connected to the second exhaust valve (D) and all combusted gases expelled via 
the second exhaust valve flow to the second turbocharger (18) without passing 
through the first turbo- charger (16) . The first inlet valve (A) and first 
exhaust valve (G) are controlled independently from the second inlet valve (B) 
and the second exhaust valve (D) . 
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Box No. 1 Basis of the opinion 









1 . With regard to the language, this opinion has been established on the basis of the international application in 
the language in which it was filed, unless otherwise indicated under this item. 



□ This opinion has been established on the basis of a translation from the original language into the following 
language , which is the language of a translation furnished for the purposes of international search 
{under Rules 12.3 and 23.1(b)). 

2. With regard to any nucleotide andtor amino acid sequence disclosed in the international application and 
necessary to the claimed invention, this opinion has been established on the basis of: 

a, type of material: 

□ a sequence listing 

□ table(s) related to the sequence listing 
b format of material: 

□ in written format 

□ in computer readable form 
c. time of filing/furnishing: 

□ contained in the international application as filed. 

□ filed together with the international application in computer readable form. 
O furnished subsequently to this Authority for the purposes of search 



3. □ In addition, in the case that more than one version or copy of ai sequence listing and&r table relating thereto 

has been filed or furnished, the required statements that the information in the subsequent or additional 
copies is identical to that in the application as filed or does not go beyond the application as filed, as 
appropriate, were furnished. 

4. Additional comments: 



Box No, It Priority 

1 . S The validity of the priority claim has not been considered because the International Searching Authority 

does not have in its possession a copy of the earlier application whose priority has been claimed or, where 
required, a translation of that earlier application. This opinion has nevertheless been established on the 
assumption that the relevant date (Rules 436/S.1 and 64.1) is the claimed priority date. 

2. □ This opinion has been established as if no priority had been claimed due to the fact that the priority claim 

has been found invalid (Rules 43b/s.1 and 64.1 ). Thus for the purposes of this opinion, the international 
filing date indicated above is considered to be the relevant date. 

3. Additional observations, if necessary: 



V 
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1. Statement 



Novelty (N) 


Yes; 


Claims 


4,10,13 




No: 


Claims 


1 3,5-9,11,12,14 


Inventive step (IS) 


Yes: 


Claims 






No: 


Claims 


4,10.13 


Industrial applicability (IA) 


Yes: 


Claims 


1-14 




No: 


Claims 





2. Citations and explanations 
see separate sheet 



Box No. VII Certain delects in the international application 



The following defects in the form or contents of the international application have been noted: 
see separate sheet 



Box No. VIII Certain observations on the international application 



The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 



see separate sheet 



Form PCTrfSA/ 237 (January 2004) 



10/585583 

WRITTEN OPINION OF THE International application No. 

INTERNATIONAL SEARCHING 

AUTHORITY (SEPARATE SHEET) PCT/GB2005/0001 1 7 

>AP20 Rec'dPCT/PTOll JUL 2006 

Re Item V. 



1 Reference is made to the following documents: 

D1 : US 4 959 961 A (HIERETH ET AL) 2 October 1 990 (1 990-1 0-02) 

D2 : PATENT ABSTRACTS OF JAPAN vol. 01 1 , no, 048 (M-561 ), 13 February 1 987 

(1987-02-13) &; JP 61 210224 A (MAZDA MOTOR CORP), 18 September 1986 

(1986-09-18) 



2 INDEPENDENT CLAIM 1 

2.1 The present application does not meet the criteria of Article 33(1) PCT, because the 
subject-matter of claim 1 is not new in the sense of Article 33(2) PCT. 

Document D1 discloses (the references in parentheses applying to this document): 
an internal combustion engine comprising a combustion chamber, first and second inlet 
valves controlling flow of air into the combustion chamber, first and second exhaust 
valves controlling flow of combusted gases out of the combustion chamber, first and 
second turbochargers, the first turbocharger being connected to the first inlet valve and 
the second turbocharger being connected to the second inlet valve where charge air 
supplied to the combustion chamber via the first inlet valve is pressurised only by first 
turbocharger and charge air supplied to the combustion chamber via the second inlet 
valve is (pressurised only by the second turbocharger, where the first turbocharger is 
connected to the first exhaust valve and receives only combusted gases expelled via the 
first exhaust valve and the second turbocharger is connected to the second exhaust 
_j/alve and all combustion gases expelled via the second exhaust valve flow to the second 
^ turbocharger without passing through the first turbocharger and where a valve operation 
means controls operation of the first inlet valve and the first exhaust valve independently 
from the operation of the second inlet valve and second exhaust valve thereby providing 
variation in the ratio of the mass of charge air supplied to the combustion chamber via 
the first inlet valve to the mass of charge air supplied to the combustion chamber via the 
second inlet valve. 

2.2 Document D2 is also anticipating the novelty of claim 1 of the application. 
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3 DEPENDENT CLAIMS 2-14 

Dependent claims 2-14 do not contain any features which, in combination with the 
features of any claim to which they refer, meet the requirements of the PCT in respect 
of novelty and/or inventive step (Article 33(2) and (3) PCT), 

- D1 discloses a deactivation of the second inlet and exhaust valves (claims 2,6) 

- D1 discloses a simultaneous activation of the first and second inlet and exhaust 
valves (claim 3) 

- A series connection of a low and a high pressure turbocharger is well known in the 
art and a skilled person would combine this knowledge with the disclosure of D1 to 
come to a combination as claimed in claims 4,10 

- D1 discloses separate exhaust paths per turbocharger (claim 5) 

- D1 discloses a first inlet channel port imparting swirl and a second inlet channel port 
imparting less swirl (claims 7,8) 

- D1 discloses two intercoolers in the respective charge air flows (claim 9) 

D1 discloses an increase of air flow to the second in let during periods of acceleration 
at higher load (claims 11,12) 

Fully variable hydraulic valvetrains are state of the art and a skilled person would 
combine them with the teaching of D1 to come to a turboeharged internal 
combustion engine as claimed in claim 13. 

3.1 A combination of the subject matter of claims 2,1 3 and a clarified claim 6 (see VIII, 5.) 
could probably lead to a novel and inventive turboeharged internal combustion engine. 



Re Item VII. 

4, Claim 14 contains a reference to the drawings. According to Rule 6.2(a) PCT, claims 
should not contain such references except where absolutely necessary, which is not the 
case here. 

4.1 Independent claim 1 is not in the two-part form in accordance with Rule 6.3(b) PCT, 
which in the present case would be appropriate, with those features known in combi- 
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nation from the prior art (document D1) being placed in the preamble (Rule 6.3(b)(1) 
PCT) and with the remaining features being included in the characterising part (Rule 
6.3(b)(ii) PCT). 

4.2 The closest prior art D1 should be mentioned in the description (Rule 5.1 (a)(ii) PCT). 



Re Item VIIL 

5 Claim 6 is unclear (Article 6 PCT) insofar as when the second inlet valve and the second 
exhaust valve are closed, NO charge air can be pressurised by the second turbocharger. 
Claim 6 should probably refer to the first inlet and exhaust valve. 
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ABSTRACT 



The invention concerns a supercharged internal com- 
bustion engine in which two inlet ducts, which can be 
closed by inlet valves and whose flows are separated 
from one another, and two exhaust ducts which can be 
closed by exhaust valves enter the combustion space of 
a cylinder, one. inlet duct and one exhaust duct being 
associated with one exhaust gas turbocharger. In order 
to achieve both a rapid build-up of supercharge pressure 
in the case of positive load changes and also an optimum 
homogenization of the mixture in the combustion space, 
the two exhaust ducts are also arranged so that their 
flows are separated and the inlet and exhaust side con- 
nected to the same exhaust gas turoocharger can be 
closed by one shut -off element each. 

8 Claims, I Drawing Sheet 
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SUPERCHARGED INTERNAL COMBUSTION 

ENGINE 

BACKGROUND AND SUMMARY OF THE 

INVENTION 

The present invention generally concerns a super- 
charged internal combustion engine and more particu- 
larly to a supercharged internal combustion engine 



the exhaust gas achieves a relatively high flow velocity. 
The supercharger rotational speed can therefore be held 
at a relatively high level even in the lowest rotational 
speed ranges when one exhaust gas turbocharger is 
separated from the system so that a rapid build-up of 
supercharge pressure is ensured in the case of a positive 
change in load. 

In accordance with further preferred embodiments of 
the present invention, as on the exhaust side, the whole 



having a pair of rurbochargers each connected between *° of the induced gases flow into the combustion space via 



separate inlet and outlet ducts which can be selectively 
closed to improve the performance of the engine. 

An internal combustion engine capable of super- 
charging disclosed in JP-A 61-210224 provides for the 



only one inlet duct instead of two when one exhaust gas 
turbocharger is separated from the system. This, of 
course, again leads to a higher flow velocity so that 
optimum conditions for intensive mixing of the fuel 



admission to the two exhaust gas turbochargers to be 15 with the combustion air are present even in the lower 
always equal over the whole load and rotational speed rotational speed ranges. 

range. In consequence, only relatively low exhaust gas The mixture formation is improved still further ac- 
flow velocities are available in the lower rotational cording to further preferred embodiments of the inven- 
speed ranges. The supercharge rotational speeds are tion if the inlet duct on the non-closable inlet side is, in 
therefore so low that there is only a very sluggish build- 20 d ^ ned & a $wiri ducL By ^ means> opti . 

up of supercharge pressure m the case of a positive mttm adaptation of the swirl level necessary in the cylin- 
change of loadl The flow vclociues ui these operating te * prov ided for good mixture formation over van- 
ranges are also low on the^inlet side of the supercharger OU s load and rotational speed conditions of the internal 
so that, because of the reduced turbulence in the com- combustion engine by appropriately switching on or off 
bustion space of the internal combustion engine, satis- 25 
factory mixture formation is not ensured, particularly in 
the case of diesei engines. 
An internal j combustion engine which is super* 



one exhaust gas turbocharger. If the non-closable inlet 
duct is designed with, for example, high swirl, the swirl 
in the cylinder can be held substantially constant over 



charged by two exhaust gas turbocharger. of which £ * hole T^^^JT^ ?/ ^ T" 
onecan^put^ofoperatioa.ifrequired.bymeansof 30 *2£X*: t 1™™?^ 3 



shut-off elements in the exhaust and inlet regions, is 
disclosed tromjGerman Patent (DE-PS) 850 965. The 
flows in the inlet and exhaust ducts of the two turbo- 
chargers are connected together so that the two super- 
charged devices act like a single turbocharger when a 35 
second turbocharger is added. However, German Pa- 
tent (DE-PS>850 963 gives no information on how the 
individual inlet land exhaust ducts arc to be arranged in 
the case where a four- valve cylinder head is used. 



weak-swirl second inlet duct. On the other hand, how- 
ever, high turbulence levels can be generated in high 
rotational speed ranges in the case of spark-ignition 
engines, for example. 

The diagonal arrangement of the valves in accor- 
dance with the teachings of the present invention is 
advantageous in that it ensures an optimum heat distri- 
bution in the cylinder head, in contrast to the arrange- 
ment with inlet and exhaust valves parallel to the engine 



In JP-A 60-79123, it is disclosed to arrange the valves 40 ***** m wWch the temperature drop between the hot 
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exhaust side and the cold (relative to the exhaust side) 
inlet side is very large. 

Other objects, advantages and novel features of the 
present invention will become apparent from the fol- 
lowing detailed description of the invention when con- 
sidered in conjunction with the accompanying draw- 
ings. 

BRIEF DESCRIPTION OF THE DRAWING 

The single Figure shows an embodiment of an inter- 
nal combustion engine according to the teachings of the 
present invention in a diagrammatic representation. 

DETAILED DESCRIPTION OF THE DRAWING 

A combustion space of an internal combustion en- 
gine, in which the gas exchange is controlled by two 
inlet valves 2 and 3 located diagonally opposite to one 
another and two exhaust valves 4 and 5 also arranged 
an exhaust side connected to the same turbocharger diagonally opposite to one another, is indicated in plan 
which can be selectively closed to improve engine per- 60 view by 1. The exhaust valve 4 is located in a first ex- 
formance. haust duct 6 and the inlet valve 2 in a first inlet duct 7. 

Because, in the internal combustion engine according Also provided is a first exhaust gas turbocharger 8 
to certain preferred embodiments of the present inven- whose turbine 9 can be subjected to exhaust gas via the 
tion, one of the two exhaust gas turbochargers can be first exhaust duct 6 and whose compressor 10 pumps the 
separated from both the turbine side and the compressor 65 fresh air induced via the induction pipe II through the 
side by suitable; shut-off elements, it is possible for the inlet duct 7 into the combustion space 1. 
whole of the exhaust gas of a cylinder to be pumped to Butterfly valves 13 and 14 are respectively located in 
the turbine via one exhaust duct only. In consequence, an exhaust gas pipe 12 connected to the turbine 9 and in 



on a four-valve cylinder head in such a way that with 
respect to a hypothetical square, whose corners are 
formed by the :two inlet and exhaust valves, the two 
inlet valves lie on one diagonal and the two exhaust 
valves lie on the other diagonal. 

An object of the present invention is to produce a 
supercharged internal combustion engine having a pair 
of exhaust gas turbochargers each connected between 
separate inlet and outlet ducts which are selectively 
closed to provide a clearly improved build-up of super- 50 
charge pressure in the case of a positive change in load. 

It is a further object of the present invention to pro- 
vide a supercharged internal combustion engine 
wherein optimum mixture formation in the combustion 
space can be achieved even in the lower rotational 55 
speed ranges. ! 

The invention achieves these and other objects by 
providing a shut off element at each of an inlet side and 
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the inlet duct 7; these butterfly valves 13 and 14 can 
each be held in only the closed or open position. The 
two butterfly valves 13 and 14 are connected with one 
another by the actuation linkage IS, shown by the dot- 
ted lines in the drawing, in such a way that completely 
synchronous actuation of the two butterfly valves 13 
and 14 can be achieved. A supercharge air cooler 16 is 
provided between the butterfly valve 14 and the com- 
pressor 10. 

The inlet valve 3 is located in a further inlet duct 17, 
which is preferably designed as a swirl duct in the re- 
gion of the inlet into the combustion space 1, and the 
exhaust valve 5 is located in a further exhaust duct 18. 
An exhaust gas turbocharger 19 is also provided on this 
valve side; the turbine 20 of this supercharger can be 
subjected to exhaust gas and its compressor 21 pumps 
the fresh air in the direction of the combustion space i, 
Heat is again extracted from the supercharged air by a 
cooler 22, 

During the operation of the internal combustion en- 
gine, both butterfly valves 13 and 14 are held in the 
closed position in the lower speed range, i.e. up to a 
specified engine rotational speed limiting value nc, so 
that the exhaust gas turbocharger 8 is inoperative and 
the gas exchange in combustion space 1 takes place 
exclusively by the [two valves 3 and 5. The fresh air 
pumped by the compressor 21 then flows through the 
swirl-type inlet duct 17 with increased swirl into the 
combustion space 1 of the internal combustion engine. 
Because of the fact that all the fresh gases are fed into 
the combustion spaj^ 1 via the inlet duct 17 only, there 
is a high flow velocity in this duct 17 and this has a 
positive effect on the swirl and turbulence generation in 
the combustion space 1. 

In a manner analogous to the inlet side, the exhaust 
gases flow with a relatively high flow vdocity, because 
the exhaust duct 6 is closed, through the exhaust duct 18 
to the turbine 20. This high exhaust gas flow velocity 
therefore ensures a high rotational speed level of the 
exhaust gas turbocharger 19 even in the lower engine 
rotational speed range so that this turbocharger re- 
sponds very rapidly, for example after a positive change 
in load. 

In the medium and high rotational speed ranges, ie. 
after attainment of the specified engine rotational speed 
Umiting value bc the two butterfly valves 13 and 14 are 
switched to the op^n position with appropriate actua- 
tion of the linkage 15 by a suitable servodrive or the like 
(symbolically represented by the arrow 23). The two 
valves J! and 4 thin resume participation in the gas 
exchange control, leu the exhaust gases now flow via 
both-rnrbtnos 9 and 20 and the fresh gases are pumped 
via both compressors 10 and 21 in to the combustion 
space L The fresh gas flow entering the combustion 
space 1 via die inlet duct 7, which is designed to have 
practically no swirl; then acts to support the swirl mo- 55 
tion of the fresh gases flowing in via the inlet duct 17. 

Actuation of the two butterfly valves 13 and 14 as a 
function of rotational speed can, of course, be replaced 
by actuation as a function of other operating parameters 
of the internal combustion engine, such as the internal 60 
combustion engine load. 

The position of the two butterfly valves 13 and 14 is 
not limited to that! shown in the single Figure. The 
butterfly valves 13 and 14 can be located at any given 
position on the oudet and inlet sides Le. also, for exam- 65 
pie, upstream of the; turbine 9 and upstream of the com- 
pressor 10. In addition, it is also conceivable to separate t 
one exhausfgas turbocnarger from the system by put - 1 



I ting the two valves 2 and 4 the m selves out of oper; 
I Hirectiy instead of by means IJftwo butterrTy^vatv 
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The invention is not, of course, limited to single-cyl- 
inder internal combustion engines only. In the case of a 
multiplicity of cylinders* several exhaust ducts and sev- 
eral inlet ducts of one turbocharger side can, of course, 
be respectively combined into one collecting main. It is 
only necessary to ensure that the flows of the inlet and 
exhaust ducts of one turbocharger side are always sepa- 
rated from those of the other turbocharger side. 

In order to utilize momentum, it is also conceivable - 
in the case of 6, 8 or 12 cylinder internal combustion 
engines - to use two exhaust gas turbochargers with 
twin-flow casings. 

Although the present invention has been described 
and illustrated in detail, it is to be clearly understood 
that the same is by way of illustration and example only, 
and is not to be taken by way of limitation. The spirit 
and scope of the present invention are to be limited only 
by the terms of the appended claims. 
What is claimed: 

1. Supercharged internal combustion engine in which 
two inlet ducts, each of Which can be closed by an inlet 
valve, and two exhaust ducts, each of which can be 
closed by an exhaust valve, enter a combustion space 
and in which one inlet duct and one exhaust duct are 
connected to a compressor and turbine, respectively, of 
a first exhaust gas turbocharger and the other inlet duct 
and exhaust duct are connected to a compressor and 
turbine, respectively, of a second exhaust gas turbo- 
charger, the two inlet ducts being arranged so that 
flows therethrough are separate from one another and 
the two exhaust ducts being arranged so that flows 
therethrough are separate from one another, wherein 
one of the first and second exhaust gas turbochargers 
has an inlet and an outlet, and a shut-off element opera- 
tively associated with the inlet and outlet selectively 
shuts off the inlet and outlet 

2. Super c ha r ged internal combustion engine accord- 
ing to claim 1, wherein the shut-off element closing the 
exhaust is a butterfly valve located In an exhaust gas 
pipe provided downstream of the turbine, and the shut- 
off element closing the inlet is a butterfly valve located 
in an inlet duct 

3. Supercharged internal combustion engine accord- 
ing to claim t, wherein means is provided for closing 
each shut-off element below a predetermined value of 
an internal combustion engine rotational speed. 

4. Supercharged internal combustion engine accord- 
ing to claim 2, wherein means is provided for holding 
both butterfly valves in the closed position below a 
specified limiting vale % of an internal combustion en- 
gine rotational speed. 

5. Supercharged internal combustion engine accord- 
ing to claim If wherein the two butterfly valves are 
coupled together by a device which produces their 
synchronous displacement 

6. Supercharged internal combustion engine accord- 
ing to claim .1*. wherein with respect to a hypothetical 
square having corners formed by the two inlet valves 
and the two exhaust valves, the two inlet valves lie on 
one diagonal of the square and the two exhaust valves 
lie on another diagonal of the square. 

7. Supercharged internal combustion engine accord- 
ing to claim 1, wherein the inlet duct of the inlet side 
which does not have a shut-off element is designed as a 
swirl duct 

8. Supercharged internal combustion engine accord- 
ing to claim 1, wherein the two inlet ducts have differ- 
ent swirl levels. 
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ABSTRACT : PURPOSE: To improve engine output by connecting independently to two turbochargers, 

suction: and exhaust ports at one side and those at the other side of a plurality of suction 
and exhaust ports on each cylinder, and by making different each opening and closing 
timing for a plurality of suction and exhaust valves. 

CONSTITUTION: In a multi-cylinder engine where two exhaust turbochargers 1a and 1b 
are provided in parallel, each cylinder 2 Is provided with primary and secondary suction 
ports 3a and 3b, and corresponding exhaust ports 4a and 4b. An exhaust from each 
exhaust port 4a and 4b is independently led to the turbines 6a and 6b of the turbochargers 
1 a and j1 b through separated exhaust passages 5a and 5b s and turbocharged air from the 
compressors 8a and 8b of the turbochargers 1a and 1b are independently introduced to 
/each suction port 3a and 3b through separated suction passages 7a and 7b. Also, a 
suction valve 10a and an exhaust valve 9b are choked and released at earlier timing than 
another suction and exhaust valves 1 0b and 9a. 
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